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Recent Advances in Nano-Gold-Catalyzed Green Synthesis and
Clean Reactions

LI Shu-Shuang TAO Lei ZHANG Qi LIU Yong-Mei CAO Yong’
(Shanghai Key Laboratory of Molecular Catalysis and Innovative Materials, Department of Chemistry, Fudan University,

Shanghai 200433, P. R. China)

Abstract: There has been a surge of interest in using supported gold catalysts in green synthesis and clean
reactions. Complementary to their traditional platinum-group metal counterparts, catalysis using nano-gold
offers a unique opportunity to obtain target products in high yields, control the chemoselectivity, and access
more complex organic molecules in a compact, atom- and step-efficient way. Therefore, it has emerged as a
hot topic in the field of green catalysis. This review summarizes our research progress in the area of nano-Au-
catalyzed green reactions and their versatility, application in clean chemical synthesis, especially for the
construction of N-containing compounds as well as valorization of biomass-derived feedstocks via gold-
catalyzed transformations.
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Selectivity/%

Entry Catalyst Conversion/% b .
1 0.11% Au/Mg,Al-HT(H,) 94 10 39 51
2 0.11% Au/Mg,AlI-HT(N,) 93 0 50 50
3 AuwTiO, 73 0 11 89
4 Au/AlLO, 82 0 14 86
5 Auv/ZrO, 52 <1 15 84
6 Au/CeO, 90 1 26 73
7 Au/ZnO 45 <1 17 82
8 Au/MgO 49 1 20 79




No.1 RIS DK S MR 2R G RS T 5 SR BT TRt i 7

A Bk UL S 18 T A S5 B S ST e DARE 5, T
Foui Az pee e 42 2 &0 B Pk e . e ok,
FH T~ Au i A7) 1) s R e K HLAE 2 I EUE JR R
RPN, AR AT 3 2R AufE BUg ik
PR X —EE RN RN AT T Aufi
138 IR M A 7T AR AR SR R0, R
EAEHAA N BINEE RS, (BAE LB A7 1
158 T RIAT RIS AR S M e e #6 . Yamamoto
SERAE T E B 2 AH AufEAL TR B 2 ISR
A% SLAuM B HEAG TR, R e A 7K AR S0 52 B0
T Z RPN A VRN A T 58 4 T AR XS R
XGRS R AR R & o, HAEAE
HE AR A i

FET S A ATH TR, AT sOaiiE 7 RH
i bR 1 A A AL R (HS A-TiO,, HSA : high surface
area) U I 99K Aw N AL 71 (Au/HSA-TiO,), Ll
CO/H,O N A5 i A b~ hn & BB B 78 . AE
60-100 °CIIRAIZKAE T, — R 5 HFd P e ds mf
e I BV IE R 2R 0 R I, PN R IR 3 S R i
MR, AR BT = A s, HLAE O 5%
PN E G HOL JF R B (a . BERE. Bedk. MEs
S Z R . (EAEGPA-HIE A R, #EkE
SN 2% p N A ks H IR W R I S R
AT Iht T2 R A v UL 36 0 I e R e B 3 R AN SRR 3R AT
FEbs A% . IR, Au-CO/HLOM F 745 il S B ik
PEYETT T B Ao 22 g, R A s B
B B g HRAT AT AR > 99% M iRk FE v . JUNME
B4R, B TR bR 58 A A0 JE 1K s BN

100 ’—b—ﬁ
8 95 \
)
Il 90}
e
) 85 —a— Au-CO/H,0, 60 °C
2 —e— AU-CO/M,0, 25 °C 4
fo) ) .
% 80} —a— Lindlar-H,0, 25 °C

75 4
0 20 40 60 80 100
Conversion/%

Bl5 FZHEFEMSEZRMEBHERNERY
Fig.5 Styrene selectivity depending on phenylacetyene
conversion®

&), WAL A b RAR(EIS).
H EACO/H,O B ARHL B N &R 1 Semg , AU TE Ik 1
AuXTH MR B MERT )8, [FBF CORMH,OTE AuK [H 4
Tk 38 i ) AR 7 A ) I R S A P A R X B e —
S i R A i ) OB

B 7B H BRI O e ) b B S0 B 7K 7y
¥, AP RAD,0OB#HH,0, MIHSZEL T
TEF= M v 5] NG DAL, 2- — AU e (]
6)o 1,2- AR —REERFEAL R AR IC S
¥y, W T A SRR 2R ORI IR DL A AL
RSB R R P, SCER R E R AR
H/DAZH 7, e A e o, BRIE P IRE
B A K 22 A B R S v 2 A, [ IR ] 4 1 T
A, 2 R 1 3 42 ) T LN DX 3 AT A xS B
REAR, K Au-CO/D,OE Rk R, LLERMT
AL AR B AKCOR R, AR R 2 R
B — RIIA RS I1,2- im0, ek
AT R AR &, oA () 4 (o i) 45 5 il d
BT R R
322 wBHEFEMEA

TR X3 B e o A v R SIS Ak P 15 21 1 DY
SRR AL B W2 RS A AL 2 R 259 HR A4 B B
A R R E B E T, T RO

R—=— g, AUHSA-TIO, (1%() R_P
CO (2 x 10° kPa), D,0 (0.5 mL) > <
MeCN 4.5 mL R R.
1: 0.5 mmol [D,]-2
94%  94% 95%  96%
D D D D

o
O W S
[D,]-2a: 96% (95 °C, 8 h) [D,]-2b: 98% (70 °C, 8 h)

96%  94% 97%  96%

D D O D D
— 0 —
CD, /
le} 45%

[D,]-2¢c: 97% (60 °C, 6 h) [D,]-2d: 94% (100 °C, 12 h)

El6 ACO/D.OMERMMIKTIERMALE"
Fig.6  Syntheses of 1,2-dideuterioalkenes via CO/D,0O-
mediated alkyne semireduction®’

HSA: high surface area



8 Acta Phys. -Chim. Sin. 2016

Vol.32

SUPIR Bt 4 M A 7R 1D 5 PR A 32 3 ) P 7 2 el
PRAE IR AN 20 SEBZ S N AR EL Bk b . 3R
TBIEMPF R LR, SPUEE K+ H{T A
A, 49K Aute e koINS s B A 2 30 HH B R A 1
“JRY) AR AL RN o BN HL-D, A e S B T
RAFFRIN, WP T MK T PR £ 4k 77 A7 7E B
BIGEOR, MK AufE WG, @S9 T
MR ST RIEEE T, WM 7E [F) 55 s 2% A4 T 3
PEFRER T PR SR, 3B AurlE kN &R B R
F R (B T7). FIH & LR AR TIO, 5 31
PR AL TE60 °CHI2 MPaZl I I b 4% 14
T, 7E3 hyHf6-F ke &4 1k 6- S M0 A ik,
BLTo M o RN R A o AR A AR R R A 1 R
WU, TSR R P (LW MRS
AR 11 Ve R JE A7 B A 75 205 A B () S e R
7,828 A BRRH Y W 5 ) 35 0] SRAFAR = BRIUAC
JUE YN OK AuTE fHE A4 1 IR 326 498 im0 7 2 B
T MR, H IR AR R I SR R AR
J& i S A7 52 IR T BA 4 7 HL A 8 &R B s R 11 5
BRS 05 S ME DB S B s, T A B R L A
% SR % iz FH T e bl 32 4 0 A B H ) A R AR X
B . Jin%E RS TR A ALEE b S K AE R A
PR, FEAE A 2 FLAuRI AL AR R S2BL T ek
HEREINA, HAYER R —RER B HREAR
m ARG Do X HT A 5% AR B AR LE 1 i)
R, FRAT BT R I B 49 B e A o B 1

R,
R
F@? -

poisons for PGM

T
N

promoters for Au !
‘€ 160

TOF for HD formation/
(mol-mol--min-1)

120
H,/D, exchange 80
at 60 °C 40

0

AU/HSA-TIO,

240 -

200

FRVEAR, FIF M 4440 8 EK(TiO,-R, R:
rutile) F1 AN K Aun] 75 T A S5 1F T (10 s b vy 25k
PEIEJF N VD AL S (] 8). HE— Bk
B, TiO, 2 A4 1 Al A B S 14 A0 R R 2 = A
FHEENEW, E4HTIO,-RIEFMAR, 9K
AUBELFIRILE T HAEREE, ATTE130 °CHIJx
I T 10 min PN K s A bk e R Ak H AR
Y, TEIRY/MEALTI L EE 10000, PR 1R 5
MR, FRo R B T oK AutE (4 1 o &0 B
HH 1 N T
33 ZES—WEEMK

EANLR B, —G 50 FRMEEA R
B2 B, AR R Z 8] U R
F) o R A A A B AR AL, X S FE 2 R
KER AR =2 KRE R Y. Al s
RNV, SEERT— RN S S — RO
(R B SRR G, T EERAR KRR B by e B
S UR . I ER IS N SRS T SEBIZ H ), BT
W SN FR R ) 2y B AR AL, X Rh B IR TR
SN S T RO L — TR A R . AR
K, 9K AufiE AL FLE 22 4 5 — B0 A AT B A3
TiEZIEHBERE, BIH T B KW A
T R B R T 5
331 RREMEEEAERE

W G A A HLE B TR LC — N (1) B 2
Bz %%, 20094F, HarutaZ8“iRiE 7 & HI99K

X
H/XN} )

e —

25-80 °C

= without preadsorption
® preadsorbed quinoline

Bl7 ik & fe iR R A B (R s

Fig.7 Self-promotion effect in gold-catalyzed reduction of quinolines47

TOF: turnover frequency; PGM: platinum group metal
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